The aim of this study was to assess the effect of oral administration of Hydroalcoholic Extract of Green Propolis (HEGP) on dermal carcinogenesis in rodent model. For the biological assay, we used 36 mice, assigned into 6 groups (n=6): CTR (treated with 100 mg/kg HEGP and no tumor induction), TUM (treated with water and tumor induction), GP10 (treated with 10 mg/kg HEGP and tumor induction), GP50 (treated with 50 mg/kg HEGP and tumor induction) and GP100 (treated with 100 mg/kg HEGP and tumor induction). Cancer induction was performed in the back of the mice by topical application of DMBA. After 16 weeks, mice were euthanized and their backs were submitted to post-mortem histological analysis. The mean number of lesions developed in TUM (4.14±0.89) was significantly higher than in GP10 (2.05±1.02), GP50 (1.8±1.92) and GP100 (2.5±1.73) (p<0.05). The tumors formed in HEGPtreated groups were histologically more differentiated, but only in PV100 in situ lesions were evidenced. Infiltration of anatomical noble structures was less frequent in HEGP-treated groups (p<0.05). Our data suggest that oral administration of HEGP provided partial inhibition of DMBA-induced dermal carcinogenesis, as well as appeared to modulate the differentiation and infiltrative potential of the carcinomas in rodent model.
INTRODUCTION
Propolis is a complex resinous hive substance originated from a mixture of plant resins and salivary enzymes of bees. It is collected by honeybees from various plant sources. Botanical origin and chemical composition of Brazilian propolis has already been made and it was noted that, depending on the region, and even on the season, there are some differences between distinct types of propolis (Sawaya et al., 2011) .
The chemical composition of propolis is made up of more than 200 substances including flavonoids, amino acids, vitamins, artepilin C, quercetin, naringenin, resveratrol, galangin, genistein polyphenolic compounds as caffeic acid (CA) and caffeic acid phenethyl ester (CAPE); caffeoylquinic and prenylated cinnamic acids, such as artepillin C and baccharin (Orsolic et al., 2005 (Orsolic et al., , 2006 . Propolis has been used since ancient times as a folk medicine for the treatment of many diseases. Numerous biological and pharmacological properties of propolis, including antitumoral, have been reported in the last decades (Araujo et al., 2012) .
Chemoprevention is the area of oncology which focuses on prevention of cancer using natural or synthetic agents. In addition to inhibiting or delaying the onset of neoplasia by blocking neoplastic inception, chemoprevention plays a role in preventing the development of invasive and metastatic properties in established neoplasm (Szliszka et al., 2009) .
Non melanoma skin cancers (NMSCs) represent the most common cancers in several countries. Basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) are the most common histopathological variants (Kim & Armstrong, 2012) . Among the new therapeutic anti-cancer compounds, the potential of natural products has been investigated. In vivo and in vitro researches using extracts of native plants from Brazil have shown good results (Cragg et al., 2009; Ozi et al., 2011) . Recently, it was demonstrated that hydroalcoholic extract of green propolis plays an important protective role against chemically-induced lingual carcinogenesis in rats (Cavalcante et al., 2011) .
Therefore, the aim of this study was to assess the effect of oral administration of hydroalcoholic extract of Brazilian green propolis (HEGP) on dermal carcinogenesis in rodent model.
MATERIAL AND METHOD
Ethical perspectives. Ethical principles of the COBEA (Brazilian College for Animal Experimentation) for experiments in animals were applied in this study. This study was approved by the Ethics Committee of the Tiradentes University (CEUA/UNIT No. 090911).
Gathering propolis and obtaining a propolis extract. Propolis was gathered from apiaries in the Southeast region (Montes Claros, 16° 44' 06" S 43° 51' 43"). The material was labeled and placed in sterile refrigerated containers and sent to the laboratory. The extract was obtained by using Maia-Araújo´s method. One gram of each sample of propolis was placed in a sterile test tube with 12.5 mL of a 70% ethanol and then taken to the ultrasound machine to extract for 1 hour. The extracts were centrifuged at 3000 rpm for 15 minutes and the supernatants were left in laminar flow for complete evaporation of the solvent and mass obtaining. The resulting powder was stored in a sterile test tube with screw cap and stored refrigerated. The extraction yield relative to the initial mass of propolis was calculated and expressed as a percentage.
Determining the concentration of flavonoids. The concentration of total flavonoids was established as described by Adelmann. For this, 15 to 1000 mL of the extract (concentrations of 5 to 100 mg/mL) were added to a solution containing 0.1 mL of 10% aluminum nitrate and 0.1 mL of potassium acetate (1 mol/liter). The end volume was completed to 5 mL with 80% ethanol. The samples were homogenized and absorbance was measured spectrophotometrically at 415 nm after 40 minutes at room temperature. Quercetin at 5 to 50 mg/mL concentrations, dissolved in ethanol, was used to build the standard concentration curve; total flavonoid values were expressed as quercetin equivalents (mg of quercetin in 100 mg of total mL of 9,10 dimethyl 1,2-benzantracene (DMBA, SigmaAldrich, St. Louis, USA) solution. One gram of the carcinogen was diluted in acetone (P.A.) to obtain a 0.5% solution. The carcinogen was applied twice a week during 16 weeks on the dorsum skin of the mouse after trichotomy with a micropipette. The animals were randomly allocated to five groups (n=6), as demonstrated in Table I . An oral dose of hydroalcoholic extract of green propolis (administered by gavage) was administered to the animals of the groups GP10 (10 mg/kg), GP50 (50 mg/kg), GP100 (100 mg/kg) and CTR (100 mg/kg). In addition, 1.0 mL of distilled water was administered by gavage to animals of the group TUM. DMBA 0.5% was applied on the dorsum skin of the mice of the groups PV10, PV50, PV100 and TUM. Distilled water was applied in the negative control groups (CTR).
Groups
Topical application Oral administration CTR1 Distilled wa ter 1 mL of 2% tween 80 CTR2 Distilled wa ter 100 mg/Kg HEGP TUM DMBA a 0.5% 1 mL of 2% tween 80 GP10 DMBA a 0.5% 10 mg/Kg HEGP GP50 DMBA a 0.5% 50 mg/Kg HEGP GP100 DMBA a 0.5% 100 mg/Kg HEGP Gavage procedures. The dry extract of green propolis was again placed in suspension at 2% Tween 80 at 10 mg/mL. These substances were administered orally every other day (differing from the days of DMBA application). Gavage was done during one week with the same dosages before inducing carcinogenesis, for 16 weeks, to verify possible adverse reactions to the natural product, as preconized by Kavitha & Manoharan (2006) .
Macroscopic analysis of DMBA-induced lesions.
The lesions induced in the animals' skin were classified according to the clinical presentation in ulcerative, verrucous or ulcerative/verrucous. The tumor volume (TV) was assessed according to the equation: V = 4/3. π d, where V= volume; π = 3.14 and d= mean diameter.
The mean index of lesion induction (In) was obtained using the equation: In = ((nL) x (nA)/(nT)) x 100, where: In = Index of DMBA-induced lesions; nL = number of lesions observed per animal; nA = number of animals presenting DMBA-induced lesions and nT = total number of animals per group.
Histomorphological analysis of DMBA-induced lesions.
After 16 weeks, animals were euthanized in a CO 2 chamber Table I . Distribution of the animals in the experimental groups according to treatment.
(2.05±1.02), GP50 (1.80±1.92) and GP100 (2.5±1.73) (p<0.05), but there was no difference between the groups treated with HEGP (p>0.05) (Fig. 3A) . Regarding the mean tumor volume (TV) of chemically induced tumors (Fig. 3B) , there was no significant difference between the groups studied, regardless of treatment with HEGP (p>0.05).
All the tumors developed in this study were represented by squamous cell carcinomas, with different grades of cell differentiation. The control groups (CTR1 and CTR2) exhibited no changes in the morphological architecture of the dermal tissues (Fig. 4) . As demonstrated in Table II , we found that the majority of the animals of TUM developed less differentiated SCC (grades 3 and 4), whereas the oral administration of HEGP was significantly associated to the formation of better differentiated (grades 1 and 2) (p=0.043), but there was no difference among the HEGP-treated groups (p>0.05).
for post-mortem removal of the treated area, irrespective to the presence or absence of tumors. Tissue specimens were fixed in buffered formaldehyde (10%, pH 7.4) for 24 h, dehydrated in increasing ethyl alcohol solutions, and diaphanized in xylol for inclusion in paraffin. Subsequently, 5 mm thick histological sections were obtained and stained in hematoxylin-eosin for analysis at a light microscope.
Assessment of the histological malignancy grading of the tumors. The diagnosis of the epithelial tumors produced in the animals was carried out according to their histological features, as described by Yanofsky et al. (2011) , and the histological malignancy grading was assessed using the criteria established by the guidelines for the diagnosis and treatment of cutaneous squamous cell carcinoma and precursor lesions (Bonerandi et al., 2011) . The four broadest classification grades were based on the ratio of differentiated to undifferentiated cells (grade 1 = 3:1, grade 2 = 1:1, grade 3 = 1:3 and grade 4 = no tendency towards differentiation). When invasion of the hypodermis was noticed, the presence or absence of lymphatic and muscle infiltration was analyzed.
Statistical Analysis. The tumor volume (TV) and index of tumor induction (InT) in the animals of each group were expressed as mean ± standard error mean, and analyzed by variance analysis and post-hoc Tukey's test. The other data were expressed as values of absolute (n) and relative (%) frequency, and compared among the groups using the Fisher's exact test. Differences among the groups were considered significant when p<0.05.
RESULTS
The yield of the dry propolis extract was 44.43%. The green propolis sample contained a 0.95±0.44% flavonoids. In the biological assay, no change in the intake of food and water was observed in the experimental groups. The animals presented a slight body weight loss in the four first weeks of the experiment, and then showed a progressive increase until the 16th week (Fig. 1) . However, no significant difference was observed among the groups during the time course of the experiment (p>0.05).
As shown in Figure 2 , the DMBA-induced cutaneous tumors presented as multiple ulcerative and exofitic lesions, with erosive and leukoplastic surfaces. Both control groups (CTR1 and CTR2) presented no macroscopic changes in the dermal tissues.
The index of lesion induction (InT) was significantly higher in the TUM group (4.14±0.89) than in GP10
Regarding the histological assessment of tumor infiltration on noble structures, it was noticed that in the TUM group, 83.33% of cases had muscle involvement and 66.66% had lymphatic invasion by tumor cells (Fig. 5) . On the other hand, in the groups treated with HEGP, only one case of group GP50 exhibited muscle and lymphatic invasion (20%). This difference in the frequency of tumor infiltration on noble structures was shown to be significant between HEGP-treated and untreated animals (p<0.05).
The inflammatory response against the neoplastic cells, ranging from mild to intense, was observed in all the DMBA-induced cutaneous tumors. Such immunological reaction was represented by lymphocytic infiltration permeating the islands and sheets of tumor squamous cells (Fig. 6) . As demonstrated in the Table III , there was no significant difference in the intensity of the inflammatory response regardless the treatment with HEGP (p>0.05). Table III . Histological assessment of the intensity of the inflammatory response to the squamous cell carcinomas in the experimental groups. 
DISCUSSION
Carcinogenesis has several stages including initiation, promotion and tumor progression. Research has been made to discover a natural or a synthetic compound that could prevent, slow or reverse the process of carcinogenesis. Propolis has been regarded as one of the most promising products used in chemoprevention (Orsolic et al., 2005) .
In this research, oral administration of HEGP induced no significant changes either in the water and food intake of the animals. However, there was a slight body weight loss until the fourth week, although it was reversed over the time. Such loss is likely related to an adaptation period, when higher stress levels are induced in the animals as a result of experimental manipulation. Since no difference was observed among the groups, it is possible to suggest that oral HEGP administration exerted no influence in the pattern of feeding and body weight of the animals.
We demonstrated that oral administration of HEGP promoted inhibition of growth of DMBA-induced epithelial tumors in mice. However, once no difference between HEGP-treated groups, it is suggestive that this effect is not dose-dependent. The antitumor activity of Brazilian propolis has also been proven in other studies (Cavalcante et al.; Franchi et al., 2012) .
One hypothesis to explain these results is that the hydroalcoholic extract of green propolis inhibits the synthesis of nitric oxide that facilitates the rapid growth tumor (Araújo et al., 2010) . Another explanation is that caffeic acid phenethyl ester (CAPE), a derivative of caffeic acid, and another anticancer ingredient called ARC (artepillin C) inactivates PAK1 which is one of the responsibles for tumor growth (Orsolic et al., 2005; Messerli et al., 2009; Wu et al., 2011) .
Other biological mechanisms associated to antitumor activity of propolis extracts have been described. It has been reported that hydroalcoholic extracts of Brazilian green propolis are able to inhibit the angiogenesis process by blocking the ERK1/2 protein-derived anti-apoptotic signalizing in endothelial cells (Kunimasa et al., 2010) .
In this study, the mean tumor volume of chemically induced skin lesions was not significantly different between groups. These data suggest that despite having a potential inhibitory effect on tumor induction, administration of HEGP does not affect the rate of growth of epithelial tumors since the promotion/progression phase of carcinogenesis has been triggered.
In this study, the oral administration of HEGP seemed to affect the pattern of tumor differentiation, resulting in welldifferentiated chemically induced epithelial skin tumors. Once it has been demonstrated that diet-derived flavonoids are able to affect the pattern of tumor cell differentiation (Orsolic et al., 2005) , the data obtained in this investigation might be indirectly related to the flavonoids content verified in the extract. Supporting such theory, it has been previously reported that flavonoids can stimulate terminal differentiation in lymphocytes-derived tumor cells lines (Constantinou et al., 1990) . The biochemical and molecular mechanisms underlying such biomodulatory effects on the tumor cell differentiation are not completely clarified, but it has been suggested that it is likely associated to the stimulation of apoptosis pathways (Lowe & Lin, 2000) . In addition, ethanolic propolis extract was shown to markedly augment Tumor necrosis factor related apoptosis inducing ligand (TRAIL) mediated apoptosis in HeLa cancer cells (TRAILinduced apoptosis resistant cells) (Szliszka et al.) . Nevertheless, further research is necessary in order to clarify the precise pathogenesis of cell differentiation stimuli induced by propolis extract.
An important histological finding observed in this study was the significant decrease in the frequency of muscle invasion and formation of lymphatic vessels emboli in HEGP-treated groups. The mechanism underlying this biological effect still remains unclear. It has been demonstrated that chemical compounds present in HEGP, such as artepillin C and CAPE, are able to selectively block the PAK1 gene (Messerli et al.) . It is well-established that PAK1 is a kinase protein closely related to angiogenesis and motility of tumor cells (Kiosses et al., 2002) . Therefore, blocking of PAK1 might reduce the motility of tumor cells and consequently inhibit the invasion of lymphatic vessels. In addition, the inhibition of angiogenesis would reduce the vascular component, minimizing the risk of lymphohematogenic formation of tumor emboli and metastasis. Supporting this theory, Ahn et al., (2007) demonstrated that administration of HEGP-derived artepillin C promoted antitumor effect as a result of angiogenesis blocking. In addition, it has been previously reported that flavonoids are able to suppress the metalloproteinasis release, enzymes extensively used by tumor cells to degrade the extracellular matrix (Kanadaswami et al., 2005) . Therefore, such chemical compounds might inhibit tumor cells migration, which could justify the lower invasiveness of the HEGPtreated groups.
It has been shown that polar compounds found in propolis, such as flavonoids, are able to modulate the inflammatory response by stimulating macrophages, augmenting the phagocytosis activity, as well as enhancing the release of cytokines, such as tumor necrosis factor alpha (TNF-a), and reactive oxygen species (Fischer et al., 2008) . In addition, Fischer et al. (2007) also demonstrated that HEGP promotes increase of mRNA expression of interferon gama (IFN-g), a cytokine closely related to the positive regulation of cell-mediated immune response. However, no difference was observed in the magnitude of the inflammatory response between groups, regardless the treatment with HEGP. These findings suggest that the nature and intensity of the immune response against the epithelial tumors was not influenced by the chemical compounds of the propolis extract. A wide range of different factors might have determined these results, such variation in the immunogenicity of tumor cells, and variability in the concentration of the diverse flavonoids and other phenolic compounds.
In conclusion, we demonstrated that oral administration of HEGP exerts chemopreventive effects on chemical skin carcinogenesis, partially inhibiting the raise of DMBA-induced cutaneous tumors, as well as appeared to modulate the tumor differentiation and infiltrative potential in murine model. Notwithstanding the relevance of such experimental findings, further studies are still required in order to unveil the mechanisms underlying the chemopreventive role played by Brazilian green propolis.
